Determining the production zones of field is an important analysis in the precision farming technology as these may be used to control field operations in site-specific application. The aim of this paper was to evaluate the potential to identify the yield potential zones based on historical yield maps and to evaluate the procedure over the growing extent of input data. Standardized yield values from six growing seasons were considered. Suitable datasets were created, and hierarchical and non-hierarchical clustering methods were applied to create clusters. Results showed that using the data from commercial combine monitoring systems enables determining the zones. Multiple yield data are recommended as the values of analyses increase with the increased number of input datasets. However, commercial data have limitations in terms of complexity.
The theory of management zones within field is discussed for a longer period of time (Fridgen, 2000) . To implement the precision agriculture technology at a farm level, it is necessary to determine whether the spatial variability of fields is consistent over several growing seasons (Adamchuk, 2004) . High-and low-yielding zones can be determined from yield maps. Afterwards, the cause of permanently low yield can be detected and removed by field managements. Also, the latest technology for the variable rate application of nitrogen (sensor ISARIA) is based on yield potential zones . Delin and Berglund (2005) suggested creating management zones based on risk levels for drought and water logging. Zhang et al. (2010) reported the use of zone mapping as a decision support tool for variable rate application. Rataj and Galambošová (2006) proposed to use the cluster analyses for identifying highand low-profitability zones.
The most accessible source of field variability is a yield map created during the combine harvest. As shown by Ingeli et al. (2015) , yield maps are a reliable source of information when the trend in yield across the field needs to be defined.
In order to create the yield potential zones, data have to be processed by cluster analysis statistics. Based on Khosla et al. (2010) , there are numerous techniques for delineating management zones. Some of them are based on single soil or crop property or a combination of several properties that are known to affect crop productivity and yield. As shown by Galambošová et al. (2014) , both the hierarchical and non-hierarchical clustering methods are used when determining the management zones from yield maps. The hierarchical method allows determining the statistically significant number of clusters as well as helps to interpret the data. The Ward's method can also be used as input information before conducting the k-means clustering method. The aim of this paper is to evaluate the potential to identify the yield potential zones based on historical yield maps and to evaluate the procedure over the growing extent of input data.
In order to conduct the analyses, a field with sufficient historical yield data was selected at a commercial farm in Turčiansky Ďur. All available data will be processed in AGROCOm MAP (Claas Agrosystems); the pre-processing of yield data will be conducted based on the methodology suggested by Ingeli et al. (2013) , where the values outside the biological limit will be removed.
In order to be able to process the yield data from different seasons and of different crops, the pre-processing of these data was conducted, and standardized normal values were calculated based on the following formula:
( 1) where: SNV -standardized normal values x -actual value of parameter -arithmetic mean SD -standard deviation Data will be exported to a format suitable to use in ArcGIS (ESRI), the monitoring points will be targeted across the field so that each monitoring point covers an equal area. Data for each monitoring point will be selected, and the basic dataset will be created.
Material and methods
For the purpose of this paper, the data will be grouped into three datasets with a different number of yield datasets (datasets from different years), and the clustering procedure will be applied.
The methodology suggested by Galambošová et al. (2014) will be used, with the hierarchical clustering procedure in the first step to identify the number of clusters and with the non-hierarchical procedure in the second step to identify the members of each cluster and its characteristics. For this purpose, the statistical software SAS and STATISTICA will be used.
In the first step, the yield data for the selected field were targeted. The historical yield maps were obtained for the following years: 2004 growing spring barley, 2005 growing winter wheat, 2006 growing spring barley, 2007 growing spring oilseed rape, 2008 growing winter wheat, and 2010 growing spring barley. As this analysis uses yield data as an indicator of field variability, datasets from the years where variable application was conducted were removed from analysis. The yield data were standardized, and values for the designed monitoring points were selected in ArcGIS. The original network consisted of 67 monitoring points. Due to the availability of yield monitoring data from combine harvesters, values for the number of monitoring points are missing in some seasons. Data were pre-processed, so the identification of yield at selected monitoring points showed some limitations of these data. In some years, this might be however overcome by interpolation of raw data (Oliver et al., 2010) .
The basic statistics of the standardized yield data is given in Table 1 . The three datasets were created from the available data where the combination of 2, 3 and 4 historical yield data was used, as shown in Table 1 .
The most variable yield was obtained in year 2004, with the variation coefficient of 28%. Yield was more uniform in the other analysed years, with the coefficient of variability up to 14%. The hierarchical cluster analyses were applied to the three datasets and results were analysed. The Ward's method did not show any relevant number of clusters; therefore, the centroid method was applied. Here, the CCC criterion showed that the most suitable number of clusters is three. Afterwards, the clustering process by k-means analyses used three clusters as pre-set up.
The results of k-means clustering are shown in Figures 1-3 . ANOVA was conducted for each procedure.
Results showed that using the dataset 1, where yield data from two years growing spring barley, did not show clusters that would be different in terms of yield potentials. This is due to the fact that the yield in 2006 showed very little variability. Based on the ANOVA of the clusters, SNV 2006 did not show a significant effect on the clusters (p < 0.05). When including the data from 2007 (significant at p < 0.05), the clustering procedure identified the low-yielding zones (cluster 1) in Figure 2 . Cluster 2 reached above-average yields in 2004, but below-average yield in 2007, cluster 3 performed in other way round. Using the dataset 3, which included SNV 2010 (significant at p < 0.05), the monitoring points are clustered so that cluster 2 appears as the high-yielding zone of the field, which yielded across the years always above the average. The other two clusters have variable yielding potential, but when the nonsignificant yield data from 2006 are excluded, cluster 2 is characterized as the low-yielding zone (always below the average yield). In this case, the input dataset was reduced to 39 monitoring points due to lack of data in the bottom part of the field in 2010. Differences and overlaps in clusters in terms of cluster members are obvious from Tables 2-4. Increasing the number of yield maps included into the analyses, the more distinct zones are determined. For the practical use of these results, it would be recommended to include the weather data into the procedure and soil verifications. This was also suggested by Flemming and Westfall (2000) , King et al. (2005) and Li et al. (2008) .
Conclusion
Determining the yield potential within field zones is an important analysis conducted in precision farming. Historical yield data appear to be the most accessible data. Results showed that using the data from commercial combine monitoring systems enables determining the zones based on the similarity of monitoring points when assessing the yield in particular years. However, the values of the analyses
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